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ABSTRACT 
 
Rich, Robert, Master of Forest Science, Spring 2011   Major 
     Forestry 
Chairperson: John Goodburn 
 
A Century of Change in Forest Structure and Fire Regime Condition Class in a Western 
Montana Ponderosa Pine/Douglas-fir Forest - 
 
Restoring historical forest conditions is often a driving force behind forest management 
activities today.  However, determining historical, pre-settlement conditions can be 
challenging. Utilizing General Land Office (GLO) survey notes to reconstruct historical 
stand structure is one method to achieve this goal.   
Original GLO survey notes from 1902 were used to reconstruct historical stand condition 
in a 2,694 acre ponderosa pine/ Douglas–fir forest. Surveyed corners or their approximate 
locations were relocated. The procedure for establishing bearing trees by the original 
surveyor was duplicated in the field at these corner locations in 2007, including tree data 
to the nearest 1 inch diameter class to produce a modern day version of the original 1902 
notes.  A point-to-tree sampling system was then applied to both the 1902 and 2007 
bearing tree data to determine tree density (trees/acre) and basal area stocking by species 
and diameter class for each data set.  
My hypothesis was that between 1902 and 2007, tree density increased, quadratic mean 
diameter decreased, and species composition shifted from nearly pure ponderosa pine to 
ponderosa pine/Douglas-fir as a result of timber harvesting and fire exclusion, I also 
hypothesized that the fire regime for the stand has changed from one of low intensity fire 
in 1902 to one with high potential for stand-replacing fire in 2007.  
These hypotheses were supported in the process of data analysis, modeling, and 
interpretation. The number of trees/acre increased from 37 in 1902 to 202 in 2007.  There 
was also a big increase in basal area from 82 ft
2
/ac in 1902 to 204 ft
2
/ac in 2007.  
Quadratic mean diameter at one foot above ground line decreased during the period from 
20.1” to 13.6”.  In 1902, species composition based on proportional basal area was 97% 
ponderosa pine and 3% Douglas-fir, but by 2007 this had changed to 60% ponderosa pine 
and 40% Douglas-fir. Furthermore, the fire regime has changed from low severity with 
low potential for crown fire in 1902, to high severity with a high risk of stand-replacing 
wildfire in 2007.   
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A CENTURY OF CHANGE IN FOREST STRUCTURE AND FIRE REGIME 
CONDITION CLASS IN A WESTERN MONTANA PONDEROSA PINE 
/DOUGLAS-FIR FOREST 
 
INTRODUCTION 
Evidence from various photographic and historical sources indicates that the 
character of many coniferous forests in western Montana differs substantially in terms of 
composition, tree density, and size structure from the typical conditions believed to have 
existed prior to European settlement (Gruell 1983, Leiberg 1899). Such changes are 
perhaps most dramatic in the lower montane forests of ponderosa pine (Pinus ponderosa 
C. Lawson var. ponderosa) and Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco var. 
glauca) that often occupy the first forested zone above the valley bottom grasslands in the 
northern Rockies.  Using fire scar data in old ponderosa pine stands of western Montana, 
Arno et al. (1995) found that average fire frequency in these stands ranged from 13 to 49 
years.  These fires were typically low intensity surface fires, capable of killing small trees 
in the understory, but only scarring the base of the larger trees.  Frequent, low intensity 
fires favored recruitment of ponderosa pine on such sites over Douglas-fir, because 
ponderosa pine is more fire resistant than Douglas-fir even at the sapling size as it has 
larger buds and thicker bark.  Douglas-fir has denser more flammable foliage and thin 
photosynthetic bark when young that allow sapling sized trees to be easily killed by even 
low intensity fire. As a result, recruitment of young Douglas-fir into larger size classes 
was limited by periodic fire prior to the advent of effective fire suppression since 
European settlement. 
These lower montane forests were historically dominated by large ponderosa pine 
with lesser amounts of Douglas-fir, and typically maintained by relatively frequent, low 
severity surface fires as fairly open (low density) multi-aged stands.  These large 
ponderosa pines were often over 300 years old and produced tight grained, knot free 
lumber that was commercially valuable.  Further, these lower montane forests were 
particularly accessible to lumbermen in the late 19
th
 and early 20
th
 century.  Topography 
of these stands was often gentle (less than 25% slope), which facilitated logging with 
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draft animals. The juxtaposition of these stands to valley bottoms favored the 
construction of railroads to transport logs from the woods to the mill.   
For various reasons related to fire behavior, ecosystem resilience, wildlife habitat, 
and aesthetics, the desire to restore historical stand conditions has become a driving force 
behind much of the forest management activity proposed on federal lands in recent years. 
Likewise, various other landowners often include reestablishment of pre-settlement stand 
structures in ponderosa pine forests as a consideration in their management objectives, 
whether to modify potential fire behavior or to reduce susceptibility to forest insects and 
diseases.   However, before one can manage a forest stand to achieve a particular 
condition, it is obviously necessary to first approximate historical conditions.   
  Since European settlement of forested ecosystems in the Intermountain West is a 
fairly recent event (less than 150 years in most locations), evidence of pre-settlement 
stand conditions still exists in some areas. Where available, such undisturbed stands can 
provide considerable insight regarding historical forest conditions in terms of 
composition and structure (age and size).   
However, in many areas, the opportunity to use standing trees for this purpose 
does not exist because stands have been altered to the point where remaining historical 
evidence is no longer adequate to interpret pre-settlement stand structure.  This may be a 
result of conversions to other land uses, extensive harvesting and regrowth of even-aged 
second growth forests, or major change related to stand-replacement fire.  
Finding even moderately-sized stands of uncut, large diameter ponderosa pine in 
western Montana is uncommon.  Arno et al. (1995) describe the difficulty of locating 
such stands for research purposes on Forest Service lands in the 1990’s.  Uncut 
ponderosa pine stands are virtually non-existent on both corporate and non-industrial 
private lands.  The complete liquidation of large ponderosa pine on corporate lands is 
best evidenced by the closure of Champion International’s pine sawmills in both Bonner 
and Libby in the late 1980’s and their retooling of these mills to handle smaller logs of 
different species.  Currently, only three sawmills in the State of Montana are even 
capable of milling large diameter ponderosa pine, (pers. comm., Doug Wasiliski 2009) 
Given the history of extensive harvesting in this forest type, it is not surprising 
that few intact stands remain to provide evidence of pre-settlement conditions.  After 
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widespread cutting, along with 100 years of fire exclusion, most stands have undergone 
significant change in structure and potential fire behavior, and likely bear little 
resemblance to their pre-settlement condition.  In such cases, it is necessary to utilize an 
alternative method of stand reconstruction that does not rely on surviving pre-settlement 
trees. One such method is to use General Land Office (GLO) survey notes, a product of 
the public land survey conducted in the western United States primarily in the late 19
th
 
and early 20
th
 century.  GLO survey notes can be a very useful tool in reconstructing 
historical stand conditions (e.g., Habeck 1994), though this use was totally unforeseen at 
the time the public land survey was undertaken. 
The recorded GLO surveyor’s notes list species and diameter of individual trees 
used as bearing trees when establishing section corners and quarter corners.  These notes 
also list the distance and compass bearing from the corner to the bearing trees.  By using 
a point-to-tree sampling method, the information in these notes can be used to reconstruct 
the stand structure extant at the time of the survey, including information regarding tree 
sizes (diameter), stem density (trees/acre), as well as basal area/acre by species and 
diameter class.   
GLO notes have been used previously to reconstruct historical stand conditions in 
western Montana. Habeck (1994) used GLO notes as one line of evidence in his 
reconstruction of pre-settlement ponderosa pine/ Douglas-fir stands in the Pattee Canyon 
area near Missoula. Across much of the ponderosa pine forest type where evidence from 
the pre-settlement stand is generally absent, GLO notes may well be the most reliable, 
accurate, and expedient method to determine historical stand conditions. Such stand 
reconstruction analysis can help provide target conditions for restoration treatments. By 
following the same protocols in current forest conditions as those used by GLO 
surveyors, the difference between historical and current stand structure can be used as a 
measure of change. Furthermore, reconstruction of pre-settlement stand structure relative 
to current stand structure offers the opportunity to examine changes in potential wildfire 
behavior through comparative modeling, and to examine the amount of departure of 
current conditions from the natural (historical) fire regime for a given area (e.g., Hann 
and Bunnell 2001).   
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This study sought to examine changes from 1902 to 2007 in stand structure, 
species composition, and potential fire behavior in a large ponderosa pine/Douglas-fir 
stand in western Montana. GLO notes were used to reconstruct historical conditions and 
then compare them with current stand conditions derived using the same methods. The 
primary hypotheses for the study were as follows: 
1.  Between 1902 and 2007, tree density increased, quadratic mean diameter 
decreased, and species composition shifted from nearly pure ponderosa pine to 
ponderosa pine/Douglas-fir as a result of timber harvesting and fire exclusion. 
 
2.  The fire regime for the stand has changed from one of low intensity fire in 
1902 to one with high potential for stand-replacing fire in 2007.  
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METHODS 
Study Area 
 The study area is a 2,694 acre ponderosa pine/Douglas-fir stand located within the 
Montana Fish, Wildlife and Parks’ Threemile Game Range northeast of Stevensville, 
Montana. Slopes in the study area range from 0- 40% and elevation ranges from 4,400’ to 
5,800’, and the aspect is primarily southwest. Despite some variation in these site 
characteristics, the area is uniform enough to be considered a single stand. 
 Based on data from a 2004 “walk through” stand inspection, the study area can be 
characterized as a dense, even-aged, second growth stand with a species composition of 
approximately 60% ponderosa pine and 40% Douglas-fir. Stand age is approximately 100 
years old. Basal area/acre of trees over 5” diameter breast height (DBH) was estimated to 
be 200 sq. ft. /acre, with approximately 200 trees/acre. Diameters range from 5” to 20” 
DBH, and average approximately 14” DBH.   
 The ecological site type in terms of floristic habitat type, (i.e., late successional 
association; Pfister et al. 1977) is a mix of Douglas-fir/snowberry, pinegrass phase and 
Douglas-fir/pinegrass, ponderosa pine phase.   Pine mortality from mountain pine beetle 
is common throughout the area, with ponderosa pine having been nearly eliminated in 
some portions of the stand as a result of past beetle activity. 
At the time of the GLO survey in 1902, the area that now comprises the 
Threemile Game Range had not seen any appreciable timber harvesting.  In all of the 
survey notes there is only one mention of any type of road or trail, and that is on the 
ridgeline where Threemile Point is located.  Its origin is unknown, but assumed to be 
related to mining in the area.  There is mention in the survey notes of private homes and 
cultivated fields in the non-forested area immediately to the west of the study area.  At 
least some of the high bench land along the east side of the Bitterroot Valley was under 
cultivation by 1902. If any appreciable harvesting had taken place prior to 1902, it would 
have been prominently mentioned in the notes.  
Apparently the area was extensively harvested in the early 1900’s after the survey 
was made.  Current evidence of a major logging railroad system within the study area 
includes raised grades, through-cuts and draws that were spanned by wooden trestles as 
well as a very unique railroad Z-switchback (B. Rich, personal observation).  Log chutes 
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that were commonly used with horse skidding to railroad landings are also plainly visible 
in several draws as are numerous stumps bearing axe marks.  The sapwood of these 
stumps has long since rotted away leaving only a core of heartwood that is more resistant 
to decay.   
The study area experienced a second wave of harvest activity in the early 1970’s 
shortly after the Game Range was purchased by the Montana Department of Fish and 
Game, as it was known at that time (personal communication, Mike Thompson).  This 
harvesting was carried out by the previous landowner who still owned the timber rights to 
the property for a number of years after the sale of the land to the Montana Department of 
Fish and Game.  No harvesting has taken place on the study area since the 1970’s.  A 
very limited amount of conifer encroachment was cleared from one area of the stand in 
the mid 1990’s (personal communication Mike Thompson). 
 
 
General Procedures 
Original GLO survey notes were used to reconstruct historical 1902 stand 
conditions for a large stand area. To establish comparable data for current conditions in 
the stand, the same corner locations were visited in 2007.  The methodology utilized to 
establish the original corners in 1902 were replicated to create a 2007 version of the GLO 
data that could be used to determine the current stand attributes.  
Stand data from 1902 and 2007 were comparatively examined in terms of tree 
size, stem density, and species composition to quantify change between historical and 
current conditions.  The data were then entered into the fire behavior and fuel assessment 
model Webofire (Fiedler et al., 2007) to calculate Fuel Characteristic Classes (FCC) for 
stand conditions in 1902 and 2007. These estimated fire and fuel outputs were used to 
determine the Fire Regime Condition Class for the current stand.  
 
 
Introduction to Major Methodological Components of the Study 
 There are four major methodological components of this study that warrant 
discussion: 1) the public land survey system, 2) point-to-tree sampling, 3) the Webofire 
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interactive fire behavior program that provides fuel characteristic classification, and 4) 
the fire regime condition class system.  Each component is described in the following 
section, including how it was employed in this study. 
 
The Public Land Survey System 
In order to understand where the data on historical stand reconstruction came 
from, it is necessary to understand some of the history of the public land survey and the 
procedures that were employed to carry it out.  A good understanding of the public land 
survey system also reveals some of the limitations and pitfalls that can be encountered in 
when it is used for stand reconstruction.  
The present system for surveying public lands was developed by a committee 
appointed by the Continental Congress and chaired by Thomas Jefferson.  On May 7, 
1784 this committee reported its work to Congress.  On May 20, 1785 after debate and 
amendment, an act entitled, “An Ordinance for Ascertaining the Mode of Locating and 
Disposing of Lands in the Western Territories” was passed by Congress.  This act laid the 
framework for the rectangular system of public land survey that we use to this day in the 
United States (Department of Interior, 1902).  This act was followed by several other 
Acts of Congress and instructions issued to surveyors in the years that followed which 
refined and revised the basic concepts of the act of 1785.  In 1855, the first instruction 
manual for public land survey was issued. This manual had several revisions in 1871, 
1881, 1890, 1894, 1902, 1930, 1947 and 1973 (McEntyre, 1978). Instructions to the 
surveyors changed somewhat as new manuals were issued.  The study area for this thesis 
was surveyed in 1902, presumably in accordance with the 1902 manual.   
Before a survey could begin in a given area, an initial point had to be established.  
This was a permanent point set in stone, or marked by a copper bolt set in stone 
(Department of Interior. 1902).  Witness monuments to these points were to be stone, not 
perishable material such as wood.  After the point was established, its precise latitude and 
longitude were determined using astronomical observations.  These initial points often 
served for one or two states or territories; however, some states had multiple initial 
points.  The Initial Point for the State of Montana is located near the town of Three Forks, 
Montana at 111
o
 39’ 33” west longitude and 45
o
 47’ 13” north latitude (BLM 1947).  
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From this point a base line was run east and west and a principle meridian was run north 
and south. Every 24 miles along the principle meridian a standard parallel (also called a 
correction line) was run both east and west.  These standard parallels were parallel to the 
base line.  Every 24 miles along the baseline and along all standard parallels a guide 
meridian was run to the north until it intersected the next standard parallel.  
The purpose of the standard parallels and the guide meridians was to allow for the 
convergence of the meridians as they ran closer to the North Pole. All meridians 
converge as they move from south to north and if the meridians continued all the way to 
the North Pole they would all meet at 90
0 
latitude.  The standard parallels and guide 
meridians divided the area into squares, 24 miles on each side.  Each of these 24 mile 
squares was then subdivided into 16 squares (six miles on each side) called “Townships.”   
Townships aligned east and west are called a “tier.” While those aligned north and 
south are referred to as a “range.”  Townships are numbered depending on their distance 
and direction from the initial point.  The first tier of townships to the north of the baseline 
is referred to as 1 north, the next is 2 north.  Ranges are designated east or west of the 
principle meridian as range west or east.  For example, a township that is in the third tier 
north of the initial point and four ranges west would be designated as Township 3 north, 
range 4 west, and abbreviated as T3N, R4W.   
These townships were then divided into 36, one mile square “sections.”  A full 
section is one square mile, or 640 acres.  Permanent markers (monuments) were 
established at each corner of a section.  In addition to these section corners, quarter 
corners were established halfway between each section corner on the section line.   
Quarter corners provided the means to divide every section into “quarter sections” of 160 
acres each by surveying lines between the east and west quarter corners and the north and 
south quarter corners.  No interior quarter section monuments were established by the 
original surveyors; only corners on the section lines were placed.  
Surveyors utilized whatever materials were onsite to monument corners.  In the 
prairie, a stone or a mound of earth with a stake on top of it, or a deposit of charcoal 
could be used as a corner.  In timbered country, if a corner landed exactly on a tree, the 
tree itself could serve as the corner.  However, even in timbered country, a stone was 
nearly always used as a corner marker.   The preference was always for the more durable 
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material as a corner monument.  Marks to identify the corner were chiseled into the stone 
or scribed into the wood of a tree. 
Corner Accessories 
In addition to the corner themselves, surveyors also established corner accessories 
to witness and identify the corner as a public land survey monument.  Corner accessories 
also aid in locating the corner if it is not apparent, or serve as a means to relocate the 
corner if it is destroyed.  Once again the surveyors used the materials they had on hand to 
construct the corner accessories.  These could be pits of a certain dimension at a given 
distance and direction from the corner, boulders with the letters BO (bearing object) and 
the section number chiseled into them, or mounds.  In timbered country such as the area 
of interest to this study, trees were used as corner accessories and were referred to as 
bearing trees. The bark on the side of the tree facing the corner was removed along with a 
portion of the wood, providing a flat surface.  Letters and numerals describing the 
specific location (section) of the bearing tree are then carved into the tree using a scribing 
tool.  
An example of a corner description and the associated bearing trees is listed 
below.  This is the description of the common corner of Sections 28, 29, 32, and 33 
T10N, R18W, located within the study area.  The “pine” described are ponderosa pine 
and the “fir” are Douglas-fir. 
Set a granite stone 15x10x6 ins. 10 ins. in the ground for the corner of sections 
28, 29, 32 and 33, marked with one notch on South and 4 notches on the East 
edges; from which  
 
A pine 30 ins. diameter bears N. 55 degrees E. 64 links distance, 
marked T 10 N R18W S28 BT 
  
A pine 26 ins. diameter bears S. 45 degrees E. 9 links distance, 
marked T 10 N R18W S33 BT 
 
A pine 8 ins. diameter bears S. 82 degrees W. 84 links distance, 
marked T 10 N R18W S 32 BT 
 
A fir 14 ins. diameter bears N. 24 degrees E. 88 links distance, 
marked T 10 N R18W S 29 BT 
 
 10 
Each section corner has four bearing trees, with one tree located in each of the 
four sections that share a common corner.  These trees, with some exceptions, were the 
closest tree to the corner in their respective sections.  Quarter corners have two bearing 
trees, one in each of the sections that share a common quarter corner.  As is the case with 
section corners, these trees are generally the closest to the corner for the section in which 
they are located.  However, surveyors were not specifically instructed to select the closest 
tree.   
Surveyors were instructed not to use trees less than five inches in diameter as a 
bearing tree if a larger tree could be utilized.  If no tree over five inches was available, 
pits were to be dug to witness the corner.   
In cases where suitable bearing trees were present, surveyors were to carefully 
measure the distance from the center of the corner to the center of the tree and to take the 
exact bearing from the corner to the tree.  As a guideline, trees were to be within five 
chains, (330 feet) but there was no prohibition against bearing trees beyond this distance 
if they would prove useful in locating the corner (Department of Interior 1902).  
 While the species and diameter of each bearing tree were to be recorded, 
nowhere in the instructions are surveyors told at what height to measure tree diameters.  
Surveyors were instructed to “Place all figures and letters on that part of the tree which 
would probably remain as the stump” in the event the tree was cut.  Timber cutting in 
1902 was of course done using a saw and axe, leaving a stump height of approximately 
three feet.  Blazes and scribing are commonly at approximately one to three feet off the 
ground (B. Rich, personal observation), so it seems likely that the diameter of the tree 
was measured somewhere in this general area.   
Research conducted by White (1976) confirmed this interpretation.  White 
revisited a large number of bearing trees and took increment cores to determine their 
diameter at the time they were blazed and scribed. White found that diameters given in 
the notes more closely corresponded to diameters at one foot above ground line than at 
4.5 feet above ground line – the standard height for measuring tree diameters in timber 
cruising.  For this study it was assumed that diameter was taken at 1 foot above ground 
level.  
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Additional Survey Information Recorded   
In addition to information regarding “corner accessories,” surveyors were also 
instructed to make note of any features along lines being run, such as any intersections 
with roads, trails, streams, ravines and ridgelines as well as when ascents and descents 
were made along the line.  Other features typically noted were settlements, coal banks, 
mineral deposits, lakes, springs, caves, natural curiosities, ancient works of art, and points 
where survey lines entered and exited timber. At the end of each corner’s notes, the 
surveyor was to provide a summary of the land’s character.  The summary for the 
common corner of sections 19, 20, 29, and 30 T10N, R18W, which is located within the 
study area, is given below: 
 
Land-Broken 
Soil- Stony: 3d rate 
Timber, pine and fir, undergrowth same 
Mountainous or heavily timbered land, or through dense undergrowth 
 
It should be noted that the description “mountainous or heavy timbered, or 
through dense undergrowth” is seen repeatedly in GLO notes, and likely relates directly 
to a payment rate category for the survey being completed.  The somewhat subjective 
terms “heavily timbered” and “dense undergrowth” must be viewed with this in mind, as 
shall be discussed later. 
 
Limitations and Biases to Consider in Using GLO Notes 
It should be remembered that the GLO notes were intended to document the 
location of land survey monuments and enable their re-monumentation, and they serve 
this purpose well.  The survey notes were not designed for use as a tool in stand 
reconstruction, and the use of GLO notes for this purpose comes with inherent limitations 
and potential biases, such as the issues described below.  
The first potential bias to consider relates to tree species identification.  Surveyors 
sometimes incorrectly identified the tree species used as bearing trees or generalized the 
taxonomy (personal observation).  The various species in the genus Pinus are often not 
identified down to the species level, but are instead identified merely as “pine.”  The 
Abies and Pseudotsuga genera are collectively referred to as “fir” and sometimes 
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confused with Picea, or spruce (B. Rich personal observation).  The surveyor who 
surveyed the study area had to identify Douglas-fir (Pseudotsuga menziesii), which he 
referred to as fir, and ponderosa pine (Pinus ponderosa), which he referred to as pine.  
Given that these two species are very distinct from each other, inaccurate species 
identification is not likely a source of error in this project. 
Bias against smaller tree sizes has also been identified as a source of inaccuracy in 
using GLO notes. In a study working with bearing trees in western Montana, White 
(1976) noted a bias against smaller trees for selection as bearing trees.  At four of the 37 
corners that he inspected, White noted a bias against trees from five to eight inches 
diameter at stump height, where a larger tree farther from the corner was selected as the 
bearing tree.  Habeck (1994) found that bias against trees based on size was uncommon 
in his re-visitation of corners in the Pattee Canyon area near Missoula.  However, 
Habeck’s study was conducted in an area that was dominated by large diameter trees, so 
it is likely that there were few small trees to discriminate against.   
 It is logical to assume that a given surveyor would select a somewhat larger tree 
that is farther from the corner than a smaller tree that is closer simply because it would 
make a more noticeable witness to the corner.  This of course would make any 
reconstructed stand appear to have fewer and larger trees than it actually had.   
Another potential limitation of using bearing trees is the potential for inaccurate 
determination of tree diameters.  Surveyors may not have made accurate measurements 
of all bearing tree diameters.  White (1976) notes in his work that tree diameters appear 
to be estimated in many cases.  In his study, White took increment cores and measured 
diameters one foot above ground line on ten surviving bearing trees, and used these data 
to calculate tree diameters at the time of the original survey.  Most of these trees were 
within one to three inches of the recorded diameters and appeared to be grouped into 2-
inch diameter classes.  Habeck (1994) also noted an apparent grouping of tree diameters 
of 24, 30, and 36 inches in his study, which gives the appearance that trees were grouped 
into diameter classes with the classes getting broader as diameter increased. It is safe to 
assume that recorded bearing tree diameters were estimated or roughly measured, given 
that determining the exact diameter of bearings trees was not a critical aspect of 
establishing and documenting survey corners.  
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Further biases and inaccuracies associated with using GLO notes for historical 
forest reconstruction were introduced by surveyors mischaracterizing timber and 
understory density descriptions, which could lead to confusion and misinterpretation.  
Contractors performing the public land survey were not only paid by the mile, but also 
based upon the “type” of line that they were surveying, with different rates depending on 
the difficulty encountered while surveying each mile of line.  A surveyor running a mile 
of section line on the plains could see from one corner to the next with a single sighting, 
which was a different situation than a survey in mountainous terrain or heavily timbered 
land with very limited sight distances.  Surveys in flat, open country did not require 
clearing of brush and the need to frequently move and readjust the survey instrument in 
order to get a sighting as is the case in rough or mountainous topography.   
The contract rates established by Congress in 1905 for different survey categories 
are shown below in Table 1 (Ramskill and Lansing 1922).  There are only four 
categories, and the associated contract rates differ greatly.  The surveys done at 
Threemile consistently refer to the area as “heavily timbered” with “dense undergrowth.”  
These descriptions likely have as much to do with the pay rate the contractor was to 
receive as they do with a precise description of timber density.   
 
Table 1. Historical pay rates for GLO surveyed line. Differing rates reflect difficulty of 
survey line conditions. 
 Standard and 
Meander Lines 
Township 
Lines  
Section 
Lines 
Minimum Rates: To be used under ordinary 
favorable conditions 
 
 
$9.00 
 
$7.00 
 
$5.00 
Intermediate Rates: To be applicable to lands 
“heavily timbered, mountainous or covered 
with dense undergrowth,” but not 
exceptionally difficult to survey 
 
 
 
$13.00 
 
 
$11.00 
 
 
$7.00 
Maximum Rates: To be allowed in cases of 
exceptional difficulties in the survey 
 
 
$18.00 
 
$15.00 
 
$12.00 
Special Maximum Rates: To be allowed only 
in cases of exceptional difficulties in surveys, 
in certain remote districts, at the discretion of 
the Secretary of the Interior. 
 
 
$25.00 
 
$23.00 
 
$20.00 
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Point-to-Tree Sampling 
A point-to-tree sampling system is a point centered, plot-less system that uses the 
distance from a given point to a tree to establish a mean area occupied for each tree, 
which is then used to calculate trees/acre.  A number of point-to-tree sampling systems 
have been developed over the years.  Engeman et al. (1994) provided a review of many of 
these methods in addition to other types of plot-less density estimators.  One of the most 
basic methods is the nearest-individual method, which is discussed here as an 
introduction to the concept of point-to-tree methods (Cottam and Curtis 1956).   
With the nearest-individual method, a point is randomly established and the 
distance to the nearest individual to that point is measured.  This distance is then 
multiplied by two, because whatever the distance from point-to-tree, the tree occupies an 
equal distance on the side away from the point.  The resulting number is then squared to 
arrive at an estimated area occupied by that individual.  This occupied area can then 
divided into the number of square feet per acre to determine the number of similar 
individuals that occur per acre.  An example of these calculations is shown below. 
(Distance from point to nearest individual x 2) 
2
 = area per individual. 
Square feet in an acre (43560) /area per individual= trees/acre 
Let us assume a distance of 20 feet from a point to the nearest tree.  Calculations would 
be as follows: 
(20 x 2)
 2  
= 1,600 sq. ft. per tree 
43,560 sq. ft. / 1600 sq. ft. = 27.23 trees/acre 
Two very similar point-to-tree systems were used on this project, i.e., the “point-
center-quarter” method and a modification of that system, which will be referred to as the 
“point-centered-halves” method. The “point–center-quarter” method involves the 
measurement from a given point to the nearest tree in each of four 90 
o
 arcs from the 
sampling point.  This type of measurement makes it identical to bearings trees that would 
be selected at a typical section corner.  With this system, the four distances are averaged 
to arrive at the mean distance from the sampling point.  This mean distance is then 
squared to arrive at the mean area per tree.  The mean area is then divided into the 
number of square feet in an acre (43,560), just as in the nearest-individual method, to 
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arrive at trees/acre.  This method differs from the nearest-individual method in that the 
measured distances are not multiplied by two prior to being squared.  The four distances 
are merely averaged and the mean value is then squared. These calculations would be 
expressed as shown below. 
 
Mean distance from point-to-tree = Sum of distances from sampling point-to-tree A, tree 
B, tree C, and tree D / 4 
Mean distance
2
= area per tree 
Square feet in an acre (43,560) / area per tree = trees/acre 
Assuming distances of 8, 40, 17, and 9 feet would yield the following: 
(8 + 40 + 17 + 9) / 4 trees = 18.5 feet (mean distance from point-to-tree) 
18.5 
2 
= 342 sq. ft. (area per tree) 
43,560 sq. ft. in an acre / 342 sq. ft. area per tree = 127 trees/acre 
 
The only difference between the “point-centered-quarter” method and the 
“nearest-individual” method described above is the fact that no correction factor is 
required with the point-centered-quarter method.  As the nearest tree in smaller arcs are 
sampled at each point, their distance from that point obviously becomes greater than the 
distance one could expect from “the” closest tree to the point in a 360
0 
arc.  The more 
trees that are sampled at a point the greater the mean distance will be.  The smaller the 
arc that a tree occurs in, the greater the chances are that it occurs farther from the 
sampling point.  These statistical relationships have been demonstrated by (Morisita, 
1954) and (Affleck, unpublished research 2007a).    
The second method used in this study is referred to as the “point-centered-halves” 
method.  Distances are taken to the nearest individuals in two 180
o
 arcs from the point.  
This makes this method identical to the measurements taken at a typical quarter corner 
with two bearing trees in each section common to the corner. These distances are 
averaged and the resulting mean is multiplied by the square root of 2, or 1.41.  The value 
of 1.41 is a correction factor, just as 2 is the correction factor in the nearest-individual 
method.  This distance is then squared as in the other methods to arrive at the mean area 
per tree. These calculations would be expressed as shown below. 
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Area per tree (ft
2
) = (Sum of distances from sampling point-to-tree A and B / 2) x 1.41) 
2
 
Assuming distances of 8 and 17 feet would yield the following: 
(8 + 17) / 2 trees = 12.5 feet (Mean distance from point-to-tree) 
12.5 ft multiplied by correction factor of 1.41= 17.63 ft. 
17.63 ft. 
2 
= 311 square feet (Mean area per tree) 
43,560 sq. ft. in an acre / 311 sq. ft. (Mean area per tree) = 140 trees/acre 
 
These point-to-tree methods have some inherent biases and inaccuracies built into 
them and likely account for their sparing use in natural resource measurements.  
However, the point-centered-quarter and the pairs method are identical to the type of 
measurements taken at section corners and quarter corners in the original GLO surveys.  
This makes point-to-tree sampling methods well suited for use in establishing historical 
stand conditions from this data source.  
 
Limitations and Biases in Using Point-to-Tree Sampling  
The point-to-tree sampling systems used in this thesis have an inherent inaccuracy 
and bias in the results they yield.  Engeman et al. (1994) compared the accuracy of 
several point-to-tree methods.  Point-to-tree methods tend to overestimate the number of 
trees/acre when the trees are evenly arranged in a stand and underestimate the number in 
a stand that is clumpy.  In stands with a random distribution, point-to-tree methods yield 
reasonably accurate results.  
In support of this thesis, Affleck (unpublished research 2007b) confirmed these 
results by running computer simulations with different tree configurations, ranging from 
equally spaced to highly-clumped.  Affleck found that the simulations that had the 
greatest level of clumpiness yielded the longest mean distances from a sampling point to 
a tree and therefore the lowest trees/acre.  Conversely, the simulations which had the 
most even distribution had the shortest point-to-tree distances and the highest number of 
trees/acre.  The random distribution simulations yielded reasonably accurate trees/acre 
results.  When trees are clumped into a small percentage of the total area it is usually a 
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long ways to each tree from a sampling point, yielding long distances.  When trees are 
spaced evenly, it is never very far to the tree from a sampling point and average distances 
are therefore always short.  Randomly placed points are neither always short nor always 
long and yield the most accurate measurements in a point-to-tree system.   
 
Relocation of Original 1902 Corners 
Logging often destroyed GLO corners in the early part of the 20
th
 century, even 
though it is a federal offense to damage or destroy corner monuments.  Ironically, this 
study was dependent on the bearing trees not being preferentially protected.  If bearing 
trees were protected (as the law requires), the area around the corner would not be typical 
of the stand as a whole.  This would skew the results of any stand reconstruction study.  
 In contrast, research conducted by Habeck (1994) in Pattee Canyon, near 
Missoula, Montana, included both the trees present at the time of the original survey 
(which had been protected) and the trees that had become established since.  The majority 
of Habeck’s bearing trees were still present, and some were still the closest tree to the 
corner when he conducted his study (Jim Habeck, personal communication 2010).  
Habeck’s work demonstrated the types of successional and stand structural changes that 
occur as a result of fire exclusion.  The current study demonstrates stand structural 
changes that occur as a result of past harvesting and fire exclusion, which is typical of 
ponderosa pine forests in much of western Montana and the Inland West. 
To assist in relocating corners, some of which might have been destroyed, 
locations of corners were established from a GIS layer provided by Ravalli County GIS 
department on Google Earth maps.  This layer showed locations of all 1/16 corners in the 
study area, which sub-divide a section into 40-acre parcels.  From this grid layer, it was 
possible to identify all section and quarter corners needed for the study.  The latitude and 
longitude coordinates for each corner were determined down to 0.1 of a second by using 
the zoom function on Google Earth and placing the cursor over the desired corner.  These 
coordinates were then put into a hand-held GPS unit, which enabled the user to walk to 
within a few feet of the original corner location, even if all evidence of the corner had 
long since been destroyed.  
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Using this technique, the original corner was located at nine of the 15 corners 
used in this study.  At these corners, the original bearing trees had been cut in past 
logging, but several were still very recognizable as partially decayed stumps even though 
they were harvested approximately 100 years ago. Of the nine corners that were precisely 
relocated, six had been remonumented by a registered surveyor in 1966.  Two corners 
were revisited and had metal tags placed on old bearing trees, but no official 
remonumentation work was done.  The final corner that was relocated had no evidence of 
remonumentation; however, stumps of bearing trees were found and measurements taken 
to the original corner - a stone with “¼” chiseled into it.  
It was not possible to locate any evidence at six of the original corners.  In these 
cases, the original corner was assumed to be located where the GPS unit indicated it 
should be.  This is unlikely to be the exact location, as the GPS unit used often indicated 
accuracy from 10’ to 30’.  However, for the purpose of this study, it was assumed that as 
long as the point was near the original corner location and located without bias, the point-
to-tree measurements would be just as valid as if the original corner had been precisely 
located. A total of 15 survey corners and 36 associated bearing trees were used for this 
study.  This included three typical section corners, six typical quarter corners, two offset 
section corners, and four offset quarter corners.  The locations of these corners within the 
study area are shown in Figure 1. 
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Figure 1. Locations of section corners and quarter corners within the Threemile Game 
Range near Stevensville, Montana, that were utilized in the study.
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Corners Eliminated From the Study 
Twenty-one corners were originally identified for inclusion in the study because 
they were located  within the 2,694 acre stand; however, six of these corners were 
eliminated from the study for a variety of reasons. Trees around two corners on the 
common boundary with private landowners had recently been harvested, with the 
majority of the merchantable timber removed.  This made their stand structure and stand 
history different than that of the other corners in the study.  Two other corners had at least 
some of the original bearing trees protected and not harvested.  These two corners were 
on the boundary of different ownership at the time of the harvesting, and it appears that 
bearing trees at these corners received a higher degree of protection than other bearing 
trees.   
In cases where the original bearing tree was still the closest tree in a quadrant, its 
presence would skew the results, as the bearing trees at the other corners had not received 
any special protection from harvesting.  At two other corners, it was determined that the 
corners were actually in a different stand type than the vast majority of the study area; 
hence, these corners were eliminated from the study.   
Some corners that still had the original bearing trees present were retained in the 
study.  At these corners, the original bearing trees were no longer the closest tree to the 
corner in a quadrant, and it was determined that they did not affect the development of 
what is now the closest tree to the corner in that section.  These corners were retained in 
the study as the presence of the original bearing tree was not considered to have 
influenced stand development, or biased the data. 
Corner Replication 
Once the original corner was relocated or a point selected to represent the original 
corner, the nearest tree over five inches in diameter at one foot above ground line was 
located in the same sections as the original bearing trees.  For section corners where all 
four sections have a common corne,r the nearest tree to the corner was selected in each of 
four 90° arcs (i.e., the northeast quadrant 0-90°, southeast 90-180°, southwest 180-270° 
and northwest 270-360°, Figure 2).  Distance from the corner to the tree was measured to 
the nearest foot, and tree diameter was measured to the nearest inch at one foot above 
ground line.  Species was also recorded. 
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Figure 2. Diagram of a typical section corner showing distances and bearings to bearing 
trees. 
 
At typical quarter corners between two sections, one tree was selected in each 
section.  Since section lines may run north-south or east-west, the arcs may be 0-180° and 
180-360° (east side and west side of the corner) or 90-270° and 270-90° (north side and 
south side of the corner).  Each tree selected was the closest tree to the corner in a 180° 
arc (Figure 3).  
 
            Section 3                                                                             Section 2 
 
                                                                                                              N 60
o
 E 
                                                                                                                25 feet 
              
 
 
                                                                       ¼ Corner Sections 3 and 2 
 
                      S 85
o
 W 
                       17 feet 
 
 
Figure 3. Typical quarter corner showing distances and bearings to bearing trees 
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A special case exists where section corners or quarter corners are offset rather 
than common.  Offset corners often occur along township lines where sections are 
surveyed and corners located on one side of the township line.  Then as part of a different 
survey that originated on a different township line, other sections are surveyed and 
corners located.  The corners along township lines where these surveys come together are 
often offset from each other rather than sharing a common corner.  This situation is true 
for section and quarter corners.   
Offset corners present a special problem when using the point-to-tree methods 
employed in this study.  There is no effect on calculations for offset section corners 
because there are only two bearing trees per corner, one each in the two sections on a 
given side of the township line.  Each bearing tree still represents 90° of arc; hence, 
calculations are the same as with four bearing trees that each represents 90° degrees of 
arc (Figure 4). 
 
 
                                                            
                                                                          
                                                                                                                        Bearing tree 
                                                           Bearing Tree 
 
 
 
                                                                               Section 3                Section 2 
         
           Section 9                      Section 10                
                                                                              
                                                                                                   
                                                                                                     
                                                                   
 
          Bearing Tree 
                                                  Bearing tree                                             
                                                                                     
 
 
 
 
Figure 4.  Diagram of an offset section corner.  Corners are not common but are offset, 
with only two bearing trees per corner. 
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Quarter corners present a similar situation.  With offset quarter corners there are 
still two bearing trees, but because it is only a corner for one section rather than two, both 
bearing trees are located in a 180° arc, the closest tree in each of the two 90° arcs.  In this 
way they are similar to a section corner and the calculations are the same for an offset 
quarter corner as they are for an offset section corner or a regular section corner with four 
common corners (Figure 5). 
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Figure 5.  Diagram of an offset quarter corner.  Corners are not common but are offset; 
bearing trees are located on one side of the section line in 90
0
 arcs rather than 180
0
 
 
 
Data for the 1902 survey were taken from copies of the original GLO notes on file 
at the Bureau of Land Management’s Garnet Resource Area Field Office in Missoula, 
Montana. These data consisted of distances from the corners to their associated bearing 
trees, along with diameter and species of trees.  Data collected in the 2007 field 
remeasurement replicated the 1902 data, including the distance from a corner to the 
nearest tree, tree diameter, and species of tree.  The 1902 and 2007 data are paired by 
corner (Table 2). 
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Distances are shown to the nearest foot and are taken to the center of the tree.  
Original GLO surveys were made using measurement units known as a “links” and 
“chains.”  A chain is 66’ long and is comprised of 100 links.  This makes a link 0.66’ in 
length or 7.92”.  The distance measured from corners to bearing trees was always 
expressed as “links.”  Links given in the original survey were converted to the nearest 
foot.  The complete data set for all corners used in this study is found in Appendix A. 
 
 
 
Table 2. Example of tree data from 1902 and 2007 showing distances from corners to 
bearing trees and associated tree diameters for section corners and quarter corners. 
  
1902 
Section 
Corner 
28-29-32-33 
 
Section-28 
PP-30” 
Dist-43 ft 
 
Section-29 
DF-14” 
Dist-59 ft 
 
Section-32 
PP-8” 
Dist-56 ft 
 
Section-33 
PP-26” 
Dist-7 ft 
 
2007 
Section 
Corner 
28-29-32-33 
 
Section-28 
DF-18” 
Dist-12 ft 
Section-29 
DF-17” 
Dist-27 ft 
Section-32 
DF-7” 
Dist-7 ft 
Section-33 
PP-7” 
Dist-19 ft 
1902 
1/4 Corner 
28-33 
Section-28 
DF-6” 
Dist-20 ft 
 
Section-33 
PP-36” 
Dist-55 ft 
 
  
2007 
1/4 Corner 
28-33 
Section-28 
PP-12” 
Dist-17 ft 
Section-33 
DF-9” 
Dist-18 ft 
  
 
 
Calculation of Trees/Acre and Basal Area/Acre 
The bearing tree data (Appendix A) were entered into spreadsheets for calculation 
of trees/acre and basal area/acre at each corner. Three different types of spreadsheet 
calculations were needed for each of the following corner types; section corners, quarter 
corners, and offset section and quarter corners.  The offset section corners and offset 
quarter corners were combined as the calculation for both types of offsets are identical.  
Examples of these spreadsheets are shown in the tables below (i.e., typical section 
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corners in Table 3, typical quarter corners in Table 4, and offset section and quarter 
corners in Table 5).  The full spreadsheets for each of the three types of calculations are 
provided in Appendices B, C, and D for the 1902 corners, and in Appendices H, I, and J 
for the 2007 corners. 
There are subtle yet important differences in the calculations shown in Tables 3, 
4, and 5 for section corners, quarter corners, and offset corners, respectively.  For 
example, typical section corners have four trees per corner and need no correction factor 
to determine mean area per tree (Table 3).  Typical quarter corners have only two trees 
per corner and require a correction factor of 1.41 to determine mean area per tree (Table 
4).  Both types of offset corners have only two trees per corner and therefore do not 
require a correction factor to determine mean area per tree (Table 5).  A description of the 
specific calculations made in Tables 3, 4, and 5 is provided as a footnote in each 
respective table. 
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Table 3. Example of calculations used for typical section corners 
Section 
Corners. 
Feet 
to 
Tree 
Feet 
to 
Tree 
Feet 
to 
Tree 
Feet 
to 
Tree
1
 
Total 
Dist.  
to all 
trees
2
 
Mean 
Distance to 
Trees
3
 
(feet) 
Mean 
Area
4
 
(sq. ft.) 
Trees/
Acre5 Sp6 
Tree
7
 
Diameter 
(inches) 
Basal 
area 
for the 
tree
8
 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner
9
 
(sq. ft.) 
Basal
10
 
area/acre 
              
28,29,32,33 43 59 56 7 165 41.3 1701.6 25.6 PP 30 4.9 1.2 31.4 
         DF 14 1.1 0.3 6.8 
         PP 8 0.3 0.1 2.2 
         PP 26 3.7 0.9 23.6 
            Corner Total 64.1 
              
1
Feet to Tree - Measured distance to each of the bearing trees at a given corner. 
2
Total Distance to All Trees - Sum of the measured distances to all trees for each corner. 
3
Mean Distances to Trees - Mean distance to the trees at each corner, the total distance to all trees divided by the number of trees at the corner. 
4
Mean Area - Mean distance to trees (including correction factor is needed) squared.  It indicates the mean area occupied per tree. 
5
Trees/Acre - Number of trees per acre based on the data from each corner.  It is calculated by dividing the number of square feet in an acre, (43,560) by the 
mean area.  
6
S p - Species of each tree.  PP is ponderosa pine, DF is Douglas-fir 
7
Tree Diameter - Measured diameter of each bearing tree, measured at one foot above groundline. 
8
Basal Area for the Tree - Basal area for the tree in the previous column.  It is calculated by using the formula, square feet of basal area = d2 in inches x 
.005454.  
9
Basal Area of the Tree/ #of Trees at the Corner - Basal area of the tree in the previous column divided by the number of trees at the given corner.  
10
Basal Area/Acre - Basal area/acre that each tree represents for the given corner.  Corner totals are also given by summing the values for all trees at the corner.  
It is calculated by multiplying the previous column by Trees/Acre.  
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Table 4. Example of calculations used for typical quarter corners 
Typical 
Quarter 
Corners  
Feet 
to
1
 
Tree 
Feet 
to 
Tree 
Total 
Dist.  
to all 
trees 
Mean 
Dist. 
to
3
 
Trees 
(feet)
 
 
Mean 
Distance 
multiplied 
by 1.41 
correction 
factor
4
 
 
Mean 
Area
5
 
(sq. ft.) 
Trees/
Acre6 Sp7 
Tree
8
 
Diameter 
(inches) 
Basal 
area 
for the 
tree
9
 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner
10
 
(sq. ft.) 
Basal
11
 
area/acre 
28,29  47 45 92 46.0 64.9 4206.8 10.4 PP 26 3.7 1.8 19.1 
         PP 8 0.3 0.2 1.8 
            Corner Total 20.9 
              
1
Feet to Tree - Measured distance to each of the bearing trees at a given corner. 
2
Total Distance to All Trees - Sum of the measured distances to all trees for each corner. 
3
Mean Distances to Trees - Mean distance to the trees at each corner, the total distance to all trees divided by the number of trees at the corner. 
4
Mean Distance Multiplied by 1.41 Correction Factor - Only required for true ¼ corners where each tree is the closest tree to the corner in 180°of arc.  The 
mean distance to the trees is multiplied by a correction factor of 1.41 so that it may be used in the formula. 
5
Mean Area - Mean distance to trees (including correction factor is needed) squared.  It indicates the mean area occupied per tree. 
6
Trees/Acre - Number of trees per acre based on the data from each corner.  It is calculated by dividing the number of square feet in an acre, (43,560) by the 
mean area.  
7
Sp - Species of each tree.  PP is ponderosa pine, DF is Douglas-fir 
8
Tree Diameter - Measured diameter of each bearing tree, measured at one foot above groundline. 
9
Basal Area for the Tree - Basal area for the tree in the previous column.  It is calculated by using the formula, square feet of basal area = d2 in inches x 
.005454.  
10
Basal Area of the Tree/ #of Trees at the Corner - Basal area of the tree in the previous column divided by the number of trees at the given corner.  
11
Basal Area/Acre - Basal area/acre that each tree represents for the given corner.  Corner totals are also given by summing the values for all trees at the corner.  
It is calculated by multiplying the previous column by trees/acre.  
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Table 5. Example of calculations used for offset section and offset quarter corners 
Offset 
Quarter 
Corners   
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Dist. 
to all 
trees 
Mean 
Distance to 
Trees 
(feet) 
Mean  
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner 
(sq. ft.) 
Basal 
area/acre 
5   31 70 101 50.5 2550.3 17.1 PP 20 2.2 1.1 18.6 
         PP 36 7.1 3.5 60.4 
            Corner Total 79.0 
Offset 
Section 
Corners   
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Distan
ce  to 
all 
trees 
Mean 
Distance to 
Trees 
(feet) 
Mean 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner 
(sq. ft.) 
Basal 
area/acre 
3,4   33 29 62 31.0 961.0 45.3 PP 20 2.2 1.1 49.4 
         PP 8 0.3 0.2 7.9 
            Corner Total 57.4 
1
Feet to Tree - Measured distance to each of the bearing trees at a given corner. 
2
Total Distance to All Trees - Sum of the measured distances to all trees for each corner. 
3
Mean Distances to Trees - Mean distance to the trees at each corner, the total distance to all trees divided by the number of trees at the corner. 
5
Mean Area - Mean distance to trees (including correction factor is needed) squared.  It indicates the mean area occupied per tree. 
6
Trees/Acre - Number of trees per acre based on the data from each corner.  It is calculated by dividing the number of square feet in an acre, (43,560) by the 
mean area.  
7
Sp - Species of each tree.  PP is ponderosa pine, DF is Douglas-fir 
8
Tree Diameter - Measured diameter of each bearing tree at one foot above ground line. 
9
Basal Area for the Tree - Basal area for the tree in the previous column.  It is calculated by using the formula, square feet of basal area = d2 in inches x 
.005454.  
10
Basal Area of the Tree/ #of Trees at the Corner - Basal area of the tree in the previous column divided by the number of trees at the given corner.  
11
Basal Area/Acre - Basal area/acre that each tree represents for the given corner.  Corner totals are also given by summing the values for all trees at the corner.  
It is calculated by multiplying the previous column by trees/acre.  
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The values calculated for each corner (i.e., trees/acre, basal area, tree sizes as 
shown in Tables 3-5) were then used to populate stand tables that summarized values 
for the entire study stand. These stand tables provide calculated values of basal area 
(ft
2
/acre) and trees/acre by diameter class and species for the entire stand for both 1902 
and 2007. These stand tables were created for both species combined, ponderosa pine 
only, and Douglas-fir only for both 1902 and 2007 corners. Stand tables for 1902 
corners can be found in Appendices E, F, and G, while the comparable tables for 2007 
corners are provided in  Appendices K, L, and M. Examples of stand tables for both 
species combined in 1902 can be seen in Table 6.  
 
An explanation of the calculated values in Table 6 is provided below  
Diameter Class - One-inch diameter classes 
Basal Area/Acre From Table - These are the basal area/acre values for individual trees 
taken from Appendices E, F, and G for 1902, and Appendices H, I, and J for 2007. 
Sum of basal area per diameter class - This is the sum of the values for each diameter 
class 
Basal Area/Acre - This the is sum of the basal areas found in the previous column and 
then divided by the number of corners, which served as sample points, in this case 15 
corners. This value is the number of square feet of basal area in each diameter class for 
the sample area.  Values in this column are then totaled to yield the basal area/ acre for 
the stand 
Trees/Acre - This is the trees per acre in the sample area.  It is calculated by dividing 
the basal area/ acre for the given diameter class, found in the previous column by the 
basal area of a tree with that given diameter. Values in this column are then totaled to 
yield the trees/acre for the stand 
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Table 6. Stand table of all species for 1902, indicating how the table was “populated” 
with values from corner calculations and how trees/acre and basal area/acre were 
determined  
 
All species - 1902 
Diameter  
Classes 
 
 
 
Basal areas of trees from Tables 
3,4, and 5 
 
 
 
Sum of 
Basal 
area per 
diameter 
class  
(sq. ft.) 
Basal 
area/ 
acre 
(sq. ft.)  
Trees/
Acre 
6 1.0 1.0 1.5   3.6 0.2 1.2 
7         
8 2.2 1.8 7.9   12.0 0.8 2.3 
9         
10 3.1     3.1 0.2 0.4 
11         
12 4.5 78.0    82.6 5.5 7.0 
13         
14 6.8     6.8 0.5 0.4 
15 7.1 46.4 46.4   99.9 6.7 5.4 
16         
17         
18 9.1 175.6 34.3   219.0 14.6 8.3 
19         
20 18.6 49.4    68.1 4.5 2.1 
21         
22         
23         
24 16.2 18.1 49.0 61.0  144.2 9.6 3.1 
25         
26 23.6 19.1 15.2 19.0  76.9 5.1 1.4 
27         
28         
29         
30 31.4 35.4 76.6 25.3 49.4 218.1 14.5 3.0 
31         
32         
33         
34         
35         
36 50.9 55.1 60.4   166.3 11.1 1.6 
37         
38         
39         
40 87.9     87.9 5.9 0.7 
42 39.7     39.7 2.6 0.3 
      Total 81.9 37.0 
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Webofire Program and Fuel Characteristic Classification 
Webofire (Fiedler et al. 2007) is an interactive, web-based system for assessing 
fire hazard in ponderosa pine/dry mixed conifer forests in Montana and New Mexico. 
The system allows users to evaluate the hazard associated with existing forest conditions, 
"game" alternative hazard reduction treatments, and assess potential treatment 
effectiveness (Webofire, http://www.cfc.umt.edu/afmp/AFMP%20Webofire.html). 
Webofire estimates values for two indices related to the potential for surface fires 
to move up into the canopy (Torching Index) and for a crown fire to be sustained in the 
canopy (Crowning Index), given the needed input. The Torching Index provides a 
measure of the torching hazard associated with a given stand structure, and is strongly 
influenced by ladder fuels and surface fuel loadings. Torching index is defined as the 
wind speed (in mph) needed to move a surface fire into the main canopy (Webofire 
homepage). Crowning index is defined as the wind speed (in mph) needed to maintain a 
crown fire once a fire has reached the main canopy.  The Crowning Index provides a 
measure of the crown fire hazard associated with a given stand structure, and is strongly 
influenced by canopy bulk density (i.e., the density of canopy per unit volume).  
The other information provided by the Webofire program is the Fuel 
Characteristic Classification System (FCCS), which was recently developed to provide 
managers a robust means of estimating fuels.  The FCCS classifies fuelbeds relative to 
three potentials: fire behavior potential, crown fire potential, and available fuel potential. 
Each of these three characteristics is rated on a scale from 0 to 9, where 0, 1, and 2 = low; 
3 and 4 = medium; 5 and 6 = high; 7 and 8 = very high; and 9 = extreme. For example, a 
stand with a Fuel Characteristic Class (FCC) of 824 would indicate a fuelbed with very 
high fire behavior potential, low crown fire potential, and medium available fuel 
potential.   
The density (trees/acre) data by species and diameter class for the 1902 corners 
(Appendices F and G) and for the 2007 corners (Appendices L and M) were entered into 
the Webofire program.  Inputs for tree heights were assigned by the program.  Live 
crown ratios were extrapolated from other trees in the study area for the 2007 stand.  For 
the 1902 stand, crown ratios were estimated from a relic, large diameter ponderosa pine 
stand in the Pattee Canyon area east of Missoula, Montana. 
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Other necessary inputs for the program included the following:  
Elevation - 5,000’; Slope - 205; Aspect - Southwest; Location - western Montana;  
Habitat type - Psme/Syal-Caru; Fuel load - light. 
Fuel loading was input as light for both 1902 and 2007.  It is likely that fuel loading is 
greater in 2007 than 1902 which would result in greater potential fire behavior in 2007 
compared to 1902.  However, assessing change in this variable was not part of the study 
so it was held constant. 
Fire Regimes and Fire Regime Condition Class 
 
A natural fire regime is a general classification of the role fire would play across a 
landscape in the absence of modern human mechanical intervention but including the 
possible influence of aboriginal fire use (Agee 1993; Brown 1995). Coarse-scale 
definitions for natural fire regimes were initially developed by Hardy et al. (2001) 
and Schmidt et al. (2002), and subsequently interpreted for fire and fuels management by 
Hann and Bunnell (2001). The five natural fire regimes (Groups I-V) are classified based 
on the average number of years between fires (fire frequency or mean fire interval [MFI]) 
combined with the characteristic fire severity reflecting percent replacement of dominant 
overstory vegetation (Table 7). 
 
Table 7. Fire Regime Groups and Descriptions 
 
Group  Frequency Severity  Severity Description 
I 0 – 35 years Low / mixed Generally low-severity fires replacing less 
than 25% of the dominant overstory 
vegetation; can include mixed-severity fires 
that replace up to 75% of the overstory 
II 0 – 35 years Replacement High-severity fires replacing greater than 
75% of the dominant overstory vegetation 
III 35 – 200 
years 
Mixed / low Generally mixed-severity; can also include 
low severity fires 
 
IV 35 – 200 
years 
Replacement High-severity fires 
V 200+ years Replacement / 
any severity 
Generally replacement severity; can include 
any severity type in this frequency range 
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Fire regime condition classes indicate the degree of departure from reference 
conditions, possibly resulting in changes to key ecosystem components, such as 
vegetation characteristics (species composition, structural stage, stand age, canopy 
closure, and mosaic pattern), as well as fuel composition, fire frequency, severity, and 
pattern, and other associated disturbances (e.g., insect and disease mortality, grazing, and 
drought).  Possible causes of this departure include (but are not limited to) fire 
suppression, timber harvesting, livestock grazing, introduction and establishment of 
exotic plant species, and introduced insects and disease (Schmidt et al. 2002). 
 
The three fire regime condition classes are categorized using the following criteria: 
FRCC 1 represents ecosystems with low (<33 percent) departure and that are 
still within the estimated historical range of variability during a specifically 
defined reference period;  
FRCC 2 indicates ecosystems with moderate (33 to 66 percent) departure; and 
FRCC 3 indicates ecosystems with high (>66 percent) departure from reference 
conditions (Hann and Bunnell 2001; Hardy et al. 2001; Schmidt et al. 2002). 
 
Characteristic vegetation and fuel conditions are considered to be those that 
occurred within the natural fire regime, such as those found in areas categorized as FRCC 
1 (low departure). Uncharacteristic conditions are considered to be those that did not 
occur within the natural regime, such as areas that are often categorized as FRCC 2 and 3 
(moderate to high departure). These include (but are not limited to): invasive species 
(weeds and insects), diseases, “high graded” forest composition and structure (in which, 
for example, large fire-tolerant trees have been removed and small fire-intolerant trees 
have been left within a frequent surface fire regime), or overgrazing by domestic 
livestock that adversely impacts native grasslands or promotes unnatural levels of soil 
erosion (Interagency Fire Regime Condition Class Guidebook version 2008). 
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Determination of FRCC 
FCC values determined by Webofire runs for 1902 and 2007 were used to 
determine past and current fire severity using the FRCC Simple 7 form found in the 
Interagency Fire Regime Condition Class (FRCC) Guidebook version 1.3.0.  Reference 
fire frequency was determined to be approximately 10 years based on local fire history 
studies (Arno et al.1995) (Heyerdahl et al. 2008).  The study area’s location on the 
downwind side of a Bitterroot valley that was populated by a significant Native American 
population likely contributed to this high fire frequency (Barrett and Arno 1982). Current 
fire frequency was determined to be 100 years as there is no evidence of fire in the 
current 100-year-old stand.  
Stem density (trees/acre) and basal area stocking estimates were utilized to 
determine reference (1902) and current (2007) succession class for the stand.  
Appropriate percentages were then entered into the succession class portion of the FRCC 
Simple 7 form to determine FRCC based on succession class condition.  
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RESULTS 
Changes in Stand Structure and Species Composition Over Time 
Reconstructions of historical stand conditions (1902) using GLO notes, and 
estimates of current stand conditions (2007) derived from similar survey protocols, 
indicate substantial change in stand structure and species composition (Table 8). The 
number of trees per acre increase by 446%, from 37.0 trees/acre in 1902 to 202.2 
trees/acre in 2007 (Table 8). Basal area stocking underwent a 146% increase, (81.9 sq. ft. 
to 204.2 sq. ft.).  Quadratic mean diameter (one foot above ground line) dropped 
substantially from 20.1” in 1902 to 13.6” in 2007.  
Species composition has changed dramatically over the period.  In 1902, species 
composition in terms of basal area stocking was 97% ponderosa pine and only 3% 
Douglas-fir.  In 2007, the percentage of basal area for Douglas-fir had increased by a 
factor of ten, while the ponderosa pine component dropped to 60% (Table 8).   
 
Table 8. Percent change in trees/acre, basal area/acre and quadratic mean diameter from 
1902 to 2007 
      
 1902 2007 Percent 
Change 
Trees/Acre DF 2.2 88.0 + 3,900 % 
Trees/Acre PP 34.8 114.2 + 228 % 
Trees/Acre All Species 37.0 202.2 + 446 % 
Percentage of Trees/ Acre in PP 94.1% 56.5% -40% 
Percentage of Trees/ Acre in DF 5.9% 43.5% +637% 
    
Basal Area /Acre (sq. ft.) DF 2.8 80.8 + 2,785 % 
Basal Area/Acre (sq. ft.)  PP 79.0 123.4 + 56 % 
Basal Area/Acre (sq. ft.)  All Species 81.8 204.2 + 149 % 
Percentage of Basal Area/Acre in PP 96.6% 60.4% -37% 
Percentage of Basal Area/Acre in DF 3.4% 39.6% +1,065% 
    
Quadratic Mean Diameter (inches) DF 
(one foot above ground line) 
15.3 13.0 -15% 
Quadratic Mean Diameter (inches)  PP 
(one foot above ground line) 
20.4 14.1 -31% 
Quadratic Mean Diameter (inches) All 
Species 
(one foot above ground line) 
20.1 13.6 -32% 
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Statistical Analysis of Differences in Stem Density and Stocking Level 
Despite the big differences in the stem density and basal area stocking level 
between the 1902 and 2007 data sets, there was a high degree of variation due in part to 
the small number of sample plots, and to single plots in each data set that had a very high 
number of trees/acre and large basal area/acre.  These single plots in 1902 and 2007 
increased the values for trees/acre by 35%- 40% and basal area/acre by 21%- 34%.  
However, even with this high level of variation, the increase in trees/acre from the 
historical to the current period was statistically significant (Table 9).  While the basal 
area stocking level increased 149% from historical to current conditions, the difference 
was not statistically significant (Table 10).  A preliminary test of the equality of variances 
using Levene’s test indicated that the variance for both the trees/acre and basal area/acre 
was significantly different (greater for current) and therefore the SPSS output p-value for 
the “unequal variance” was used (Tables 9 and 10). 
 
Table 9. Statistical analysis of differences in stand density (trees/acre) from 1902 to 2007. 
Note that the increase in stem density (trees/acre) is statistically significant. 
 
 Trees/Acre Range 
of 
Values 
Standard 
Deviation 
Standard 
Error of Mean 
     
1902 37 8-199 47.98 12.39 
2007 202 29-1210 294.43 76.02 
P-Value at 
95% =.049 
    
 
Table 10. Statistical analysis of differences in basal area/acre from  
1902 to 2007 indicated no significant difference between historical and  
current values. 
 
 Basal 
Area/Acre 
(sq.ft.) 
Range 
(sq.ft.) 
Standard 
Deviation 
(sq.ft.) 
Standard 
Error of 
Mean (sq.ft.) 
     
1902 82 21-254 58.30 15.05 
2007 204 29-1033 277.18 71.57 
P-value at 
95%= .115 
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Tree Size Distribution 
In 1902, the number of trees per acre and basal area stocking were relatively 
evenly distributed across a broad range of tree diameters (from 5” to over 40”). In 
contrast, the size distribution of the current 2007 stand was concentrated in the smaller 
diameter classes from 6” to 15” (Tables 11 and 12).  The tree size distribution histogram 
for the reconstructed historical stand conditions (Figure 6) indicates a stand dominated by 
ponderosa pine with trees distributed across several size classes.  The size distribution  
of trees present in 2007 (Figure 6) displays the dramatic increase in Douglas-fir, while 
the size range is much more restricted.  Similar trends are evident in the distribution of 
basal area stocking among species and sizes (Figure 7).  
 
Table 11. Comparison of 1902 and 2007 trees/acre by five-inch diameter classes 
 
Diameter Class-  
1’ above 
groundline 
1902 
PP 
1902 
DF 
1902 
Total 
2007 
PP 
2007 
DF 
2007 
Total 
6-10 3.4 0.5 3.9 13.1 24.1 37.3 
11-15 12.4 0.4 12.8 82.4 47.3 129.7 
16-20 9.1 1.3 10.4 12.7 16.6 29.3 
21-25 3.1 0 3.1 5.7 0 5.7 
26-30 4.4 0 4.4 0 0 0 
31-35 0 0 0 0 0 0 
36-40 2.3 0 2.3 0 0 0 
41-45 0.3 0 0.3 0 0 0 
Total 34.8 2.2 37.0 114.2 88.0 202.2 
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Table 12. Comparison of 1902 and 2007 basal area (sq. ft./acre) by five-inch diameter 
classes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These figures illustrate a dramatic increase in smaller trees (< 15” DBH) in 2007, 
and the complete absence of trees over 25”.  The 2007 tree-size distribution approximates 
a tight bell-shaped curve, indicative of an even-aged stand (Figure 6), while the 1902 tree 
size distribution more closely approximates a rather flat reverse J-shaped curve, 
indicative of a multi-aged stand.   
 
 
Diameter Class 
1’ above 
groundline 
1902 
PP 
1902 
DF 
1902 
Total 
2007 
PP 
2007 
DF 
2007 
Total 
6-10 1.1 0.1 1.2 6.2 9.6 15.9 
11-15 12.2 0.5 12.7 71.2 42.8 114.0 
16-20 16.8 2.3 19.1 26.3 28.4 54.7 
21-25 9.6 0 9.6 19.6 0 19.6 
26-30 19.6 0 19.6 0 0 0 
31-35 0 0 0 0 0 0 
36-40 17.0 0 17.0 0 0 0 
41-45 2.6 0 2.6 0 0 0 
Total 79.0 2.9 81.9 123.4 80.8 204.2 
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Figure 6.  Stand density (trees/acre) by size class and by species for 1902 and 2007. 
 40 
Figure 7.  Basal area/acre by size class and by species for 1902 and 2007
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Webofire Modeling 
The stand visualizations provided as output from the Webofire program illustrate 
the changes in stand structure that have occurred in the Threemile stand from the 
historical stand conditions in 1902 (Figure 8) to current conditions in 2007 (Figure 9).  
The visual contrasts are obvious and illustrate the increase in trees/acre and basal 
area/acre. The relatively open stand structure with diverse tree sizes in 1902 was replaced 
in 2007 with a much more closed canopy stand comprised of more uniform tree sizes.  
 
 
 
Figure 8. Stand visualization showing the open-grown stand conditions in 1902, when 
there was an average of 37 trees per acre, a basal area of 82 ft2/acre, and a quadratic 
mean diameter of 20” (at 1-ft above ground level) 
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Figure 9. Stand visualization showing the dense stand condition in 2007, when there was 
an average of  202 trees per acre, a basal area of 204 ft2/acre, and a quadratic mean 
diameter of 13” (at 1-ft above ground level) 
 
 
Table 13. Webofire model outputs for 1902 stand conditions, showing low fire behavior 
and crown fire potential. Fuel Characteristic Class - 113; Crowning Index - 63 MPH; 
Torching Index - 57 MPH 
 Fire 
Behavior 
Potential 
 Crown 
Fire 
Potential 
 Available 
Fuel 
Potential 
1 1 3 
Low Low Medium 
Reaction 
Intensity 
1000 
BTU/ft
2
/min. 
Torching 
Potential 
Low Available 
Fuel 
30 
tons/acre 
Rate of 
Spread 
4 ft./min. Dependent 
Crown fire 
Potential 
Low   
Flame 
Length 
2 ft. Independent 
Crown fire 
Potential 
Low   
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Table 14. Webofire model outputs for 2007 stand conditions, showing very high crown 
fire potential. Fuel Characteristic Class - 174; Crowning Index -19 MPH; Torching Index 
- 90+ MPH 
 Fire 
Behavior 
Potential 
 Crown 
Fire 
Potential 
 Available 
Fuel 
Potential 
1 7 4 
Low Very High Medium 
Reaction 
Intensity 
1000 
BTU/ft
2
/min. 
Torching 
Potential 
Very High Available 
Fuel 
40 
tons/acre 
Rate of 
Spread 
4 ft./min. Dependent 
Crown fire 
Potential 
Very High   
Flame 
Length 
2 ft. Independent 
Crown fire 
Potential 
Very High   
 
 
The 1902 stand has a FCC rating of 113, a crowning index of 63 mph, and a 
torching index of 57 mph. By contrast, the 2007 stand had a FCC rating of 174, a 
crowning index of 24 mph, and a torching index of 90+ mph.  In 1902, crown fire 
potential was rated as 1, low.  In contrast, the 2007 stand had a rating of 7, very high.  All 
other variables were held constant in both the 1902 and 2007 Webofire runs.   
 
Fire Regime Condition Class 
FRCC for the 2007 stand indicates a very significant departure from reference 
conditions.  The reference fire interval of 10 years is now 100 years, the maximum the 
model allows, resulting in a fire frequency departure of 90.  Reference fire severity of 5% 
mortality from fire has increased to an estimated 75% due to the increased potential for 
crown fire.  This yields a departure of 93.  Taken together, the Fire Frequency-Fire 
Severity departure is 92%, which is a FRCC-3, as shown in Table 15.   
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Table 15. FRCC Simple 7 Form (Fire Frequency-Severity Condition Class) showing a 
significant departure of current conditions from reference conditions  
 
 
Fire Frequency-
Severity 
 
Reference 
(51 & 53) 
 
Current 
(52 & 54) 
 
Sim 
([smaller/larger]*100) 
 
Dep 
(100-Sim) 
 
Fire Frequency 
(yrs) 
Sim = 
(smaller/larger)*100 
 
10 100 10 90 
Fire Severity 
Sim = 
(smaller/larger)*100 
 
5 75 7 93 
Fire Frequency-Severity Departure = (Frequency Dep + Severity Dep) / 2 (89) 
 
92 
Fire Frequency-Severity Condition Class (1 = 0-33%; 2 = 34-66%; 3 = 67-
100%) (90) 
 
3 
 
 
Departure in succession class is consistent with the departure in Fire Frequency-
Severity.  Reference succession class in the stand was 100% late seral-open as 
demonstrated earlier in the results of stand structure.  Current conditions are now 100% 
mid-seral closed, which results in a 100% departure in succession class and an FRCC-3 
(Table 16). 
Fuel Condition Class and fire regime in the 2007 stand bear little resemblance to 
historical conditions.  Between 1902 and 2007, the stand has gone from an open-grown 
stand dominated by ponderosa pine and a fire regime Group I, which supports a fire 
frequency of less than 35 years with low severity, to a fire regime Group IV, which has a 
fire frequency of 35-200 years and high-severity stand replacing fires.  FRCC for the 
stand is a rating of 3, a significant departure from the reference fire regime. 
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Table 16. FRCC Simple 7 Form (Succession Class) showing a significant departure of 
current conditions from reference conditions  
 
 
Succession 
Class 
(S-Class) 
(62) 
 
Reference 
% 
(72) 
 
Current 
% 
(73) 
 
Similarity 
(lower of 
Ref or Cur) 
(77) 
 
Pct. 
Difference 
(79) 
if (cur<ref) 
diff = ([cur-
ref]/ref)*100 
if (cur ≥ref) 
diff = ([cur-
ref]/cur)*100 
 
Relative 
Amount1 
(80) 
Stand 
FRCC2 
(82) 
 
A – Early 
(standard) 
 
      
B – Mid-Closed 
(std.) 
 
0 100 0 100 A 3 
C – Mid-Open 
(std.) 
 
      
D – Late-Open 
(std.) 
 
      
E – Late-
Closed (std.) 
 
      
U – 
Uncharacteristic 
      
Sum 0 100 0    
S-Class Departure = (100% minus the Similarity sum) (85) 
 
100 
S-Class Condition Class (1 = 0-33%; 2 = 34-66%; 3 = 67-100%) (86) 
 
3 
  
Stratum FRCC: Use the higher of the S-Class (86) or Freq-Severity (90) FRCC values 
 
3 
 
 
 
 
*Numbers in parentheses correspond to data fields on FRCC forms and software. 
 
1Based on Percent Difference: 
T: Trace (-66 to -100%) 
U: Under-represented (-66 to -33%) 
S: Similar (-33 to 33%) 
O: Over-represented (33 to 66%) 
A: Abundant (>66%, and all U classes) 
 
 
2Stand FRCC Rules: 
FRCC 1 = Trace, Under-represented, Similar 
FRCC 2 = Over-represented 
FRCC 3 = Abundant 
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DISCUSSION 
The data contained in GLO notes were successfully used with a point-to-tree 
sampling system to recreate historical stand conditions.  When the procedures used in 
1902 were replicated in 2007 at the same locations, it was possible to compare historical 
and present day stand conditions.  In forest types and regions where extant stands of old-
growth are absent, and as a result there is little evidence of pre-settlement forest 
conditions, GLO surveyor notes offer a means for reconstructing those conditions. 
            The first hypothesis of this thesis was that, between 1902 and 2007, tree density 
increased, quadratic mean diameter decreased, and species composition shifted from 
nearly pure ponderosa pine to ponderosa pine/Douglas-fir as a result of timber 
harvesting and fire exclusion.  The data analysis provided evidence of substantial 
structural and compositional differences in 1902 and 2007 stand conditions, likely 
resulting from extensive past harvesting and years of fire exclusion.  Stand density 
(trees/acre) and basal area stocking level increased dramatically in the current stand from 
pre-settlement conditions.  Further, the species composition has changed to a much 
greater percentage of shade-tolerant Douglas-fir.    
         The second hypothesis, i.e. that “The fire regime for the stand has changed from 
one of low intensity fire in 1902 to one with high potential for stand-replacing fire in 
2007” was also supported by the results of Webofire runs indicating a change in fuel 
condition class.  This has lead to a departure of current conditions from historical 
conditions regarding Fire Regime Condition Class (FRCC).  
 
Limitations of the Methodology 
There are several limitations in study methodology that warrant discussion, 
including study design, the use of a point-to-tree sampling system, and using GLO notes 
that are 105 years old.  
 
Limited Number of Trees at Each Corner 
Given the limited number of trees that are considered at each corner for 
calculating stem density and tree size, there is the potential for one corner to have a 
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disproportionate effect on the calculated stand level means.  In both the 1902 and 2007 
data sets, there is one corner that greatly influences the trees/acre and basal area 
estimates.   The 1902 outlier was a quarter corner that had one tree 8’ from the corner and 
the other 13’ away.  Diameters of the trees were 18” and 12,” respectively.  This led to an 
estimate for that corner of 199 trees per acre, when the next highest value observed was 
76 trees per acre. The 2007 outlier was an offset quarter corner that had one tree 8’ from 
the corner and the other 4’ away.  Diameters of these trees were 12” and 13,” 
respectively.  This corner had an estimated 1210 trees per acre, whereas the next highest 
estimate was 344 trees per acre.  When the 1902 outlier plot is removed from the data 
there is a 35% reduction in tree density and a corresponding 21% reduction in basal area.  
Eliminating the 2007 outlier from the data reduces the tree density estimate by 40% and 
the basal area by 34%. 
Corner data based on only two trees close to the corner is similar to having a very 
small fixed-plot radius or a large basal area factor in variable-plot cruising.  Only the 
trees near the plot center are sampled, which leads to increased variation in the totals 
among plots.  Timber cruisers address this situation by increasing the plot radius of fixed 
plots or using a smaller basal area factor in variable-plot cruising, enabling the cruiser to 
“reach out” farther into the stand to sample more trees.  Both of these techniques serve to 
increase the number of individuals sampled on a plot and smooth out the variation in 
results.  Unfortunately, using a point-to-tree sampling method and data that are 105 years 
old made it impossible to increase the number of samples taken at each point.  This 
limitation affects both 1902 and 2007 data sets equally.  
 
Small Sample Size 
The small number of corners that were suitable for analysis in this study was 
unavoidable.  Even though the stand was over 2,600 acres in size, it only contained 15 
corners that could be used.  There was no opportunity to expand the study area as stands 
on adjacent landowner’s property did not have the same treatment history of the stand on 
the game range, making their inclusion inappropriate for the goals of the study.   
An inherent challenge in using GLO notes is the low density of corners across the 
landscape, i.e., only three corners for every full section or one corner for every 213 acres.  
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This is a significant limitation when trying to apply the method to small stands. This 
limitation affects both 1902 and 2007 data sets equally. 
 
Estimating and Measuring Diameters 
The 1902 bearing tree data show that of the 36 trees measured, 33 had even-
numbered diameters.  This seems unlikely and suggests that the surveyor was estimating 
tree diameters to the nearest even number.  It appears the surveyor may have estimated 
diameters of trees greater than 20” to the nearest 4 or 6 inches, as there is a 
disproportionate number of trees with diameters of 20”, 24”, and 30”.  
It is also not clear where on the tree stem the diameters were estimated or 
measured.  Timber cruisers today use a standard height of 4.5’ above ground line when 
measuring tree diameters, measured on the uphill side of the tree.  It is probable that 
diameters were measured at approximately one to two feet above ground line as this is 
where the trees were blazed and inscribed as bearing trees.  Measurements of bearing 
trees were not taken for the purpose of accurately determining tree volumes, but to 
document and identify the tree as a survey monument.  Very accurate measurement of 
diameter was likely not considered to be critical.  When using GLO notes for stand 
reconstruction, it is important to remember that recorded tree diameters likely 
approximate actual diameters at the time, but are probably not exact.  Furthermore, these 
diameters were likely taken at one to two feet about ground line, not at 4.5’ above ground 
line as standard timber cruising procedures call for today.  This limitation affects the 
1902 data set but not the 2007 data, however it is impossible to say if it over or under 
estimates 1902 diameters.  
 
Potential Point-to-Tree System Bias 
Point-to-tree measurement methods have a built-in bias that underestimates tree 
density in stands that are highly clumped.  Given that forest stands often have a slightly 
clumpy nature, it is possible that estimates of tree density may be slightly underestimated.  
It is also possible that the level of clumpiness differs between the 1902 stand and the 
2007 stand.  The 1902 stand was a multi-aged stand while the 2007 is even-aged.  Multi-
 49 
aged stands are often more clumpy than even-aged stands, so the bias may affect the 1902 
stand to a greater extent than the 2007 stand.   
 
Change in Fuel Loading and Trees Less than 5” Not Considered 
 GLO notes provided no way to accurately estimate fuel loading in1902.  Also 
trees less than 5” in diameter were not considered suitable as bearing trees so there is no 
estimate of their density in 1902.  In order to have data in 2007 that was consistent with 
the selection criteria in 1902, trees less than 5’ in diameter were not considered for 
inclusion in the 2007 data although they were common in much of the stand. As a result 
of fire suppression it is likely that both fuel loading and the number of trees less than 5” 
in diameter have increased since 1902.  However this is not included in the data that was 
input into the Webofire model for 2007 as there was no data source for 1902.  Had an 
increase in fuel loading and trees less than 5” been input into Webofire, it would have 
resulted in an even greater increase in potential fire behavior for the 2007 stand, than was 
shown in this study.  
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Management Applications 
Despite the limitations and inherent biases of both GLO notes as a source of data 
for stand reconstruction and the point-to-tree sampling system, this methodology serves a 
very useful purpose in determining historical stand conditions, particularly in areas that 
no longer retain any relict structure from the pre-settlement stand.  Data for a large 
landscape-level assessment of conditions can be easily and economically compiled using 
GLO notes and a point-to-tree sampling system. GLO notes provide a snapshot-in-time 
view of historical forest conditions.  When taken at a broad scale, they can indicate the 
percentage of the landscape that was occupied by any given stand structure at that time.  
Information on tree density, basal area stocking, species composition, and diameter 
distribution is directly obtained, and age class structure can be inferred.   
 The objectives of this study were to examine any differences in stand structure, 
composition, and potential fire behavior from 1902 to 2007 on this site and to determine 
the extent to which FRCC may have changed.  GLO data and point-to-tree sampling were 
used to reconstruct historical stand conditions, as well as current conditions using the 
same methods, to make comparisons on specific sample points.  Comparisons show 
substantial changes in stand structure, composition, and fire behavior that have occurred 
between the historical and current stand conditions, presumably due to extensive timber 
harvest and fire exclusion.  Those stand changes included a dramatic increase in stem 
density and basal area stocking, an increase in the composition of more shade tolerant 
Douglas-fir (though pine remained dominant), a decline in the average tree size, and a 
significant increase in the potential for stand replacing fires.  Furthermore, the expected 
fire regime shows significant departure from reference FRCC conditions.  The fire 
regime of the 1902 stand, characterized by frequent low intensity surface fire, has been 
replaced by an infrequent, stand-replacing crown fire regime in the 2007 stand.  
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Appendix A - Comparison of 1902 Original bearing Trees and Closest Trees 
in 2007 
 
1902 
Section 
Corner 
19-20-29-30 
Section-19 
PP-6” 
Dist-22 ft 
 
Section-20 
PP-18” 
Dist-76 ft 
 
Section-29 
PP-24” 
Dist-66 ft 
 
Section-30 
PP-6” 
Dist-20 ft 
 
2007 
Section 
Corner 
19-20-29-30 
Section-19 
PP-11” 
Dist 5 ft 
 
Section-20 
PP-14” 
Dist 15 ft 
Section-29 
PP-20” 
Dist 10 ft 
Section-30 
PP-25” 
Dist 15 ft 
1902 
1/4 Corner 
20-29 
Section-20 
PP-36” 
Dist-38 ft 
Section-29- 
PP-30” 
Dist-40 ft 
  
2007 
1/4 Corner 
20-29 
Section-20 
PP-19” 
Dist 11 ft 
29- 
PP-10” 
Dist 42 ft 
  
1902 
Section 
Corner 
20-21-28-29 
Section-20 
PP-24” 
Dist-43 ft 
 
Section-21 
PP-10” 
Dist-55 ft 
Section-28 
PP-12 
Dist-35 ft 
 
Section-29 
PP-15 
Dist-41 ft 
 
2007 
Section 
Corner 
20-21-28-29 
Section-20 
DF-18” 
Dist-5 ft 
Section-21 
PP-10” 
Dist 24 ft 
Section-28 
DF-10 
Dist 8 ft 
Section-29 
DF-12” 
Dist 9 
1902 
1/4 Corner 
29-30 
Section-29- 
PP-24” 
Dist-33 ft 
Section-30- 
PP-30” 
Dist-20 ft 
  
2007 
1/4 Corner 
29-30 
Section-29- 
DF-13” 
Dist 27 ft 
Section-30- 
DF-16” 
Dist 18 ft 
  
1902 
1/4 Corner 
28-29 
Section-28 
PP-26” 
Dist-47 ft 
Section-29 
PP-8” 
Dist-45 ft 
  
2007 
1/4 Corner 
28-29 
Section-28- 
PP-19 
Dist 28 ft 
Section-29  
PP-9  
Dist 27 ft 
  
1902 
1/4 Corner 
29-32 
Section-29 
PP-26” 
Dist-67 ft 
Section-32 
PP-42” 
Dist-36 ft 
  
2007 
1/4 Corner 
29-32 
Section-29 
PP-13” 
Dist 9 ft 
Section-32 
PP-13” 
Dist 20 ft 
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1902 
Section 
Corner 
28-29-32-33 
 
Section-28 
PP-30” 
Dist-43 ft 
 
Section-29 
DF-14” 
Dist-59 ft 
 
Section-32 
PP-8” 
Dist-56 ft 
 
Section-33 
PP-26” 
Dist-7 ft 
 
2007 
Section 
Corner 
28-29-32-33 
 
Section-28 
DF-18” 
Dist-12 ft 
Section-29 
DF-17” 
Dist-27 ft 
Section-32 
DF-7” 
Dist-7 ft 
Section-33 
PP-7” 
Dist-19 ft 
1902 
1/4 Corner 
28-33 
Section-28 
DF-6” 
Dist-20 ft 
 
Section-33 
PP-36” 
Dist-55 ft 
 
  
2007 
1/4 Corner 
28-33 
Section-28 
PP-12” 
Dist-17 ft 
Section-33 
DF-9” 
Dist-18 ft 
  
1902 
1/4 Corner 
32-33 
Section-32- 
PP-12” 
Dist-13 ft 
 
Section-33- 
PP-18” 
Dist-8 ft 
 
  
2007 
1/4 Corner 
32-33 
Section-32- 
DF-8” 
Dist-26 Ft 
Section-33- 
DF-10” 
Dist-11 ft 
  
1902 
N ¼ Corner 
Section 5 
Offset 
Section-5 
PP-20” 
Dist-31 ft 
 
Section-5 
PP-36” 
Dist-70 ft 
 
  
2007 
N ¼ 
Corner 
Section 5 
Offset 
Section-5 
PP-19” 
Dist 15 ft 
Section-5 
PP-14” 
Dist 19 ft 
  
1902 
S ¼ Corner 
Section 32 
Offset 
Section-32 
PP-15” 
Dist-33 ft 
 
Section-32 
PP-15” 
Dist-15 ft 
 
  
2007 
S ¼ Corner 
Section 32 
Offset 
 
 
 
Section-32 
PP-10” 
Dist 21 ft 
Section-32 
PP-12” 
Dist 24 ft 
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1902 
N ¼ Corner 
Section 4 
Offset 
Section-4 
PP-30” 
Dist-55 ft 
 
Section-4 
PP-26” 
Dist-75 ft 
 
  
2007 
N ¼ 
Corner 
Section 4 
Offset 
Section-4 
DF-13” 
Dist 8 ft 
Section-4 
PP-12 
Dist 4 ft 
  
1902 
S ¼ Corner 
Section 33 
Offset 
Section-33 
PP-40” 
Dist-72 ft 
 
Section-33 
PP-30” 
Dist-21 ft 
 
  
2007 
S ¼ Corner 
Section 33 
Offset 
Section-33 
DF-18” 
Dist-21 ft 
Section-33 
PP-14” 
Dist-16 
 
  
1902 
Sections 3-4 
Offset 
Section-3 
PP-20” 
Dist-33 ft 
 
Section-4 
PP-8” 
Dist-29 ft 
 
  
2007 
Section 3-4 
Offset 
Section-3 
DF-7” 
Dist 15 ft 
Section-4 
PP-13” 
Dist 21 ft 
  
1902 
Sections 
33-34 
Offset 
Section-33 
PP-24” 
Dist- 49 ft 
 
Section-34 
DF-18’ 
Dist-18 ft 
 
  
2007 
Sections 
33-34 
Offset 
Section-3 
PP- 14” 
Dist- 21 
Section-34 
DF- 8” 
Dist- 14 
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Appendix B - 1902 Calculations for Trees/Acre and Basal Area/Acre - Typical Section Corners 
 
Section 
Corners. 
Feet 
to 
Tree 
Feet 
to 
Tree 
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Dist.  
to all 
trees 
Mean 
Distance to 
Trees 
(feet) 
Mean 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner 
(sq. ft.) 
Basal 
area/acre 
19,20,29,30 22 76 66 20 184 46.0 2116.0 20.6 PP 6 0.2 0.05 1.0 
         PP 18 1.8 0.4 9.1 
         PP 24 3.1 0.8 16.2 
         PP 6 0.2 0.05 1.0 
            Corner Total 27.3 
              
20,21,28,29 43 55 35 41 174 43.5 1892.3 23.0 PP 24 3.1 0.8 18.1 
         PP 10 0.5 0.1 3.1 
         PP 12 0.8 0.2 4.5 
         PP 15 1.2 0.3 7.1 
            Corner Total 32.8 
              
28,29,32,33 43 59 56 7 165 41.3 1701.6 25.6 PP 30 4.9 1.2 31.4 
         DF 14 1.1 0.3 6.8 
         PP 8 0.3 0.1 2.2 
         PP 26 3.7 0.9 23.6 
            Corner Total 64.1 
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Appendix C - 1902 Calculations for Trees/Acre and Basal Area/Acre - Typical Quarter Corners 
 
Typical 
Quarter 
Corners  
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Dist.  
to all 
trees 
Mean 
Dist. 
to 
Trees 
(feet) 
Mean Dist. 
multiplied 
by 1.41 
correction 
factor 
Mean 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner 
(sq. ft.) 
Basal 
area/acre 
20,29  38 40 78 39.0 55.0 3023.9 14.4 PP 36 7.1 3.5 50.9 
         PP 30 4.9 2.5 35.4 
            Corner Total 86.3 
              
29,30  33 20 53 26.5 37.4 1396.1 31.2 PP 24 3.1 1.6 49.0 
         PP 30 4.9 2.5 76.6 
             125.6 
            Corner Total  
28,29  47 45 92 46.0 64.9 4206.8 10.4 PP 26 3.7 1.8 19.1 
         PP 8 0.3 0.2 1.8 
            Corner Total 20.9 
              
29,32  67 36 103 51.5 72.6 5272.9 8.3 PP 26 3.7 1.8 15.2 
         PP 42 9.6 4.8 39.7 
            Corner Total 55.0 
              
28,33  20 55 75 37.5 52.9 2795.8 15.6 DF 6 0.2 0.1 1.5 
         PP 36 7.1 3.5 55.1 
            Corner Total 56.6 
              
32,33  13 8 21 10.5 14.8 219.2 198.7 PP 12 0.8 0.4 78.0 
         PP 18 1.8 0.9 175.6 
            Corner Total 253.6 
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Appendix D - 1902 Calculations for Trees/Acre and Basal Area/Acre - Offset Section and Quarter Corners 
 
Offset 
Quarter 
Corners   
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Dist.  
to all 
trees 
Mean 
Distance to 
Trees 
(feet) 
Mean  
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner 
(sq. ft.) 
Basal 
area/acre 
5   31 70 101 50.5 2550.3 17.1 PP 20 2.2 1.1 18.6 
         PP 36 7.1 3.5 60.4 
            Corner Total 79.0 
              
32   33 15 48 24.0 576.0 75.6 PP 15 1.2 0.6 46.4 
         PP 15 1.2 0.6 46.4 
            Corner Total 92.8 
              
4   55 75 130 65.0 4225.0 10.3 PP 30 4.9 2.5 25.3 
         PP 26 3.7 1.8 19.0 
            Corner Total 44.3 
              
33   72 21 93 46.5 2162.3 20.1 PP 40 8.7 4.4 87.9 
         PP 30 4.9 2.5 49.4 
            Corner Total 137.3 
              
Offset 
Section 
Corners   
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Distan
ce  to 
all 
trees 
Average 
Distance to 
Trees 
(feet) 
Average 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area of 
the tree/ # of 
trees at the 
corner 
(sq. ft.) 
Basal 
area/acre 
3,4   33 29 62 31.0 961.0 45.3 PP 20 2.2 1.1 49.4 
         PP 8 0.3 0.2 7.9 
            Corner Total 57.4 
              
33,34   49 18 67 33.5 1122.3 38.8 PP 24 3.1 1.6 61.0 
         DF 18 1.8 0.9 34.3 
            Corner Total 95.3 
 60 
 
 
 
 
 
Appendix E - 1902 Stand Table All Species 
 
All species -1902 
Diameter  
Classes 
 
 
 
Basal areas of trees from 
Appendices B, C and D 
 
 
 
Sum of 
basal 
area per 
diameter 
class  
(sq. ft.) 
Basal 
area/ 
acre 
(sq. ft.)  
Trees/
Acre 
6 1.0 1.0 1.5   3.6 0.2 1.2 
7         
8 2.2 1.8 7.9   12.0 0.8 2.3 
9         
10 3.1     3.1 0.2 0.4 
11         
12 4.5 78.0    82.6 5.5 7.0 
13         
14 6.8     6.8 0.5 0.4 
15 7.1 46.4 46.4   99.9 6.7 5.4 
16         
17         
18 9.1 175.6 34.3   219.0 14.6 8.3 
19         
20 18.6 49.4    68.1 4.5 2.1 
21         
22         
23         
24 16.2 18.1 49.0 61.0  144.2 9.6 3.1 
25         
26 23.6 19.1 15.2 19.0  76.9 5.1 1.4 
27         
28         
29         
30 31.4 35.4 76.6 25.3 49.4 218.1 14.5 3.0 
31         
32         
33         
34         
35         
36 50.9 55.1 60.4   166.3 11.1 1.6 
37         
38         
39         
40 87.9     87.9 5.9 0.7 
42 39.7     39.7 2.6 0.3 
      Total 81.9 37.0 
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Appendix F - 1902 Stand Table Ponderosa Pine Only  
 
Ponderosa Pine Only-1902 
Diameter  
Classes 
 
 
 
Basal areas of trees from 
Appendices B, C and D 
 
 
 
Sum of 
basal 
area per 
diameter 
class 
(sq. ft.) 
Basal 
area/ 
acre 
(sq. ft.)  
Trees/
Acre 
         
6 1.0 1.0     2.0 0.1 0.7 
7         
8 2.2 1.8 7.9   12.0 0.8 2.3 
9         
10 3.1     3.1 0.2 0.4 
11         
12 4.5 78.0    82.6 5.5 7.0 
13         
14          
15 7.1 46.4 46.4   99.9 6.7 5.4 
16         
17         
18 9.1 175.6     184.7 12.3 7.0 
19         
20 18.6 49.4    68.1 4.5 2.1 
21         
22         
23         
24 16.2 18.1 49.0 61.0  144.2 9.6 3.1 
25         
26 23.6 19.1 15.2 19.0  76.9 5.1 1.4 
27         
28         
29         
30 31.4 35.4 76.6 25.3 49.4 218.1 14.5 3.0 
31         
32         
33         
34         
35         
36 50.9 55.1 60.4   166.3 11.1 1.6 
37         
38         
39         
40 87.9     87.9 5.9 0.7 
42 39.7     39.7 2.6 0.3 
      Total 79.0 34.8 
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Appendix G - 1902 Stand Table Douglas-fir Only 
 
Douglas-fir only 1902 
Diameter  
Classes 
 
 
 
Basal areas of trees from 
Appendices B, C and D 
 
 
 
Sum of 
basal 
area per 
diameter 
class 
(sq. ft.) 
Basal 
area/ 
acre 
(sq. ft.)  
Trees/
Acre 
6     1.5   1.5 0.1 0.5 
7         
8            
9         
10          
11         
12           
13         
14 6.8     6.8 0.5 0.4 
15            
16         
17         
18     34.3   34.3 2.3 1.3 
      Total 2.9 2.2 
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Appendix H - 2007 Calculations for Trees/Acre and Basal Area/Acre - Typical Section Corners 
 
Section 
Corners. 
Feet 
to 
Tree 
Feet 
to 
Tree 
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Dist.  
to all 
trees 
Mean Dist. 
to Trees 
(feet) 
Mean 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area 
of the tree/ 
# of trees at 
the corner 
(sq. ft.) 
Basal 
area/acre 
for this 
corner 
19,20,29,30 5 15 10 15 45 11.3 126.6 344.2 PP 11 0.7 0.2 56.8 
         PP 14 1.1 0.3 92.0 
         PP 20 2.2 0.5 187.7 
         PP 25 3.4 0.9 293.3 
            Corner Total 629.8 
              
20,21,28,29 5 24 8 9 46 11.5 132.3 329.4 DF 18 1.8 0.4 145.5 
         PP 10 0.5 0.1 44.9 
         DF 10 0.5 0.1 44.9 
         DF 12 0.8 0.2 64.7 
            Corner Total 300.0 
              
28,29,32,33 12 27 7 19 65 16.3 264.1 165.0 DF 18 1.8 0.4 72.9 
         DF 17 1.6 0.4 65.0 
         DF 7 0.3 0.1 11.0 
         PP 7 0.3 0.1 11.0 
            Corner Total 159.9 
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Appendix I - 2007 Calculations for Trees/Acre and Basal Area/Acre - Typical Quarter Corners 
 
Quarter 
Corners  
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Feet 
Mean 
Dist. 
Mean 
Distance 
multiplied 
by 1.41 
correction 
factor 
Mean 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre  
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area 
of the tree/ 
# of trees at 
the corner 
(sq. ft.) 
Basal 
area/acre 
for this 
corner 
20,29  11 42 53 26.5 37.4 1396.1 31.2 PP 19 2.0 1.0 30.7 
         PP 10 0.5 0.3 8.5 
            Corner Total 39.2 
              
29,30  27 18 45 22.5 31.7 1006.5 43.3 DF 13 0.9 0.5 19.9 
         DF 16 1.4 0.7 30.2 
            Corner Total 50.2 
              
28,29  28 27 55 27.5 38.8 1503.5 29.0 PP 19 2.0 1.0 28.5 
         PP 9 0.4 0.2 6.4 
            Corner Total 34.9 
              
29,32  9 20 29 14.5 20.4 418.0 104.2 PP 13 0.9 0.5 48.0 
         PP 13 0.9 0.5 48.0 
            Corner Total 96.1 
              
28,33  17 18 35 17.5 24.7 608.9 71.5 PP 12 0.8 0.4 28.1 
         DF 9 0.4 0.2 15.8 
            Corner Total 43.9 
              
32,33  26 11 37 18.5 26.1 680.4 64.0 DF 8 0.3 0.2 11.2 
         DF 10 0.5 0.3 17.5 
            Corner Total 28.6 
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 Appendix J - 2007 Calculations for Trees/Acre and Basal Area/Acre - Offset Section and Quarter Corners 
Offset 
Quarter 
Corners   
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Feet Mean Dist. 
Mean 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area 
of the tree/ 
# of trees at 
the corner 
(sq. ft.) 
Basal 
area/acre 
for this 
corner 
5   15 19 34 17.0 289.0 150.7 PP 19 2.0 1.0 148.4 
         PP 14 1.1 0.5 80.6 
            Corner Total 228.9 
              
32   21 24 45 22.5 506.3 86.0 PP 10 0.5 0.3 23.5 
         PP 12 0.8 0.4 33.8 
            Corner Total 57.3 
              
4   8 4 12 6.0 36.0 1210.0 DF 13 0.9 0.5 557.6 
         PP 12 0.8 0.4 475.2 
            Corner Total 1032.8 
              
33   21 16 37 18.5 342.3 127.3 DF 18 1.8 0.9 112.5 
         PP 14 1.1 0.5 68.0 
            Corner Total 180.5 
              
Offset 
Section 
Corners   
Feet 
to 
Tree 
Feet 
to 
Tree 
Total 
Feet Mean Dist. 
Mean 
Distance
2 
Mean 
Area 
(sq. ft.) 
Trees/
Acre Sp. 
Tree 
Diameter 
(inches) 
Basal 
area 
for the 
tree 
(sq. ft.) 
Basal area 
of the tree/ 
# of trees at 
the corner 
(sq. ft.) 
Basal 
area/acre 
for this 
corner  
3,4   15 21 36 18.0 324.0 134.4 DF 7 0.3 0.1 18.0 
         PP 13 0.9 0.5 62.0 
            Corner Total 79.9 
              
33,34   21 14 35 17.5 306.3 142.2 PP 14 1.1 0.5 76.0 
         DF 8 0.3 0.2 24.8 
            Corner Total 100.8 
              
 66 
 
 
 
 
 
 
 
 
Appendix K - 2007 Stand Table All Species 
 
All species 2007 
Diameter 
Class 
 
 
Basal areas of trees from  
Appendices H, I and J 
 
 
Sum of 
basal 
area per 
diameter 
class 
Basal 
area/ 
acre 
Trees/
Acre 
6         
7 11.0 11.0 18.0   40.0 2.7 10.0 
8 11.2 24.8    36.0 2.4 6.9 
9 6.4 15.8    22.2 1.5 3.4 
10 44.9 44.9 8.5 17.5 23.5 139.3 9.3 17.0 
11 56.8     56.8 3.8 5.7 
12 64.7 28.1 33.8 475.2  601.7 40.1 51.1 
13 20.0 48.0 48.0 557.6 62.0 735.6 49.0 53.2 
14 92.0 80.6 68.0 76.0  316.6 21.1 19.7 
15         
16 30.2     30.2 2.0 1.4 
17 65.0     65.0 4.3 2.7 
18 145.5 72.9 112.5   330.8 22.1 12.5 
19 30.7 28.5 148.4   207.6 13.8 7.0 
20 187.7     187.7 12.5 5.7 
21         
22         
23         
24         
25 293.3     293.3 19.6 5.7 
26         
27         
28         
      Total 204.2 202.2 
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Appendix L - 2007 Stand Table Ponderosa Pine Only 
 
Ponderosa Pine Only 2007 
Diameter 
Class 
 
 
Basal areas of trees from  
Appendices H, I and J 
 
 
Sum of 
basal 
area per 
diameter 
class 
Basal 
area/ 
acre 
Trees/
Acre 
6         
7 11.0     11.0 0.7 2.7 
8      0.0 0.0 0.0 
9 6.4     6.4 0.4 1.0 
10 44.9  8.5  23.5 76.9 5.1 9.4 
11 56.8     56.8 3.8 5.7 
12  28.1 33.8 475.2  537.0 35.8 45.6 
13  48.0 48.0  62.0 158.0 10.5 11.4 
14 92.0 80.6 68.0 76.0  316.6 21.1 19.7 
15         
16         
17         
18         
19 30.7 28.5 148.4   207.6 13.8 7.0 
20 187.7     187.7 12.5 5.7 
21         
22         
23         
24         
25 293.3     293.3 19.6 5.7 
26         
27         
28         
      Total 123.4 114.1 
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Appendix M - 2007 Stand Table Douglas-fir Only 
 
Douglas-fir Only 2007 
Diameter 
Class 
 
 
Basal areas of trees from  
Appendices H, I and J 
 
 
Sum of 
basal 
area per 
diameter 
class  
Basal 
area/ 
acre 
Trees/
Acre 
6         
7  11.0 18.0   29.0 1.9 7.2 
8 11.2 24.8    36.0 2.4 6.9 
9  15.8    15.8 1.1 2.4 
10  44.9  17.5  62.4 4.2 7.6 
11         
12 64.7     64.7 4.3 5.5 
13 20.0   557.6  577.6 38.5 41.8 
14         
15         
16 30.2     30.2 2.0 1.4 
17 65.0     65.0 4.3 2.7 
18 145.5 72.9 112.5   330.8 22.1 12.5 
19      Total 80.8 88.0 
 
 
 
 
 
 
 
 
 
 
 
